Using data from the Cardiovascular Health Study, we studied the relation between body composition (fat mass and fat-free mass, assessed by bioelectrical impedance) and self-reported, mobility-related disability (difficulty walking or stair climbing) in 2714 women and 2095 men aged 65-100 y. In a cross-sectional analysis at baseline (1989)(1990), disability was reported by 26.5% of the women and 16.9% of the men. A positive association was observed between fat mass and disability. The odds ratio for disability in the highest quintile of fat mass was 3.04 (95% CI: 2.18, 4.25) for women and 2.77 (95% CI: 1.82, 4.23) for men compared with those in the lowest quintile. Low fat-free mass was not associated with a higher prevalence of disability. In a longitudinal analysis among persons not reporting disability at baseline, 20.3% of the women and 14.8% of the men reported disability 3 y later. Fat mass at baseline was predictive of disability 3 y later, with odds ratios of 2.83 (95% CI: 1.80, 4.46) for women and 1.72 (95% CI: 1.03, 2.85) for men in the highest quintile of fat. The increased risk was not explained by age, physical activity, chronic disease, or other potential confounders. Low fat-free mass was not predictive of disability. The results showed that high body fatness is an independent predictor of mobility-related disability in older men and women. These findings suggest that high body fatness in old age should be avoided to decrease the risk of disability.
INTRODUCTION
Changes in body composition observed with aging include increases in body fat and loss of muscle mass (1) (2) (3) . These observed changes may contribute to the onset and progression of disability in old age. High body mass index, an indirect indicator of obesity, was found to be associated with an increased risk of disability and impaired function in older men and women (4) (5) (6) . In addition, direct measures of body fat were positively associated with self-reported disability in men and women aged 72-95 y, independent of chronic disease and physical activity (7) .
Low fat-free mass or low muscle mass may be associated with an increased risk of disability (8, 9) . However, to our knowledge, only one study included direct measures of actual muscle mass and neither low total-body skeletal muscle mass nor low leg skeletal muscle mass was associated with disability (7) .
Most previous studies of body composition and physical function were limited to indirect measures of body composition, such as body weight or body mass index (4) (5) (6) . No longitudinal data are available on the association between fat-free mass and fat mass and disability. To address these limitations and to test the hypothesis that high fat mass and low fat-free mass are associated with an increased risk of disability, we measured body composition using bioelectrical impedance in 4809 men and women aged 65-100 y and followed them prospectively over 3 y.
SUBJECTS AND METHODS

Study design
The Cardiovascular Health Study is an ongoing populationbased, observational study of 5201 older men and women in 4 communities in the United States: Sacramento County, CA; Allegheny County, PA; Washington County, MD; and Forsyth County, NC. The sampling method and population composition are described elsewhere (10) . Data from the baseline examination (1989) (1990) ) and the 3-y follow-up examination (1992) (1993) were used. Information obtained from telephone contacts and clinic visits in the interim years was used to determine the incidence of chronic illness.
Subjects
At baseline, a total of 5201 men and women from the 4 study sites participated in the study. Only white persons were included High body fatness, but not low fat-free mass, predicts disability in older men and women: the Cardiovascular Health Study (94.7% of total sample) because the numbers of other racial groups were too small (n = 275) to investigate possible differences in the associations being studied. Of the remaining 4926 persons, 96 (29 men and 67 women) were excluded because of missing bioelectrical impedance measurements, body weights, or heights. An additional 11 men and 10 women were excluded because of missing data on self-reported disability at baseline, leaving 2095 men and 2714 women available for the cross-sectional analyses at baseline. These baseline analyses were used to confirm the results of previous cross-sectional studies. Data on self-reported disability at both baseline and the 3-y follow-up were available for 1843 men and 2504 women (462 persons had missing data on disability at follow-up, of which 346 persons were lost to follow-up because of death or refusal to participate). Those who reported no disability at baseline (1489 men and 1785 women) were included in the longitudinal analyses.
The experimental procedures were approved by the human investigation and review boards at the 4 field centers: Bowman Gray School of Medicine, University of California-Davis, Johns Hopkins University, and the University of Pittsburgh. Written informed consent was obtained from all participants.
Self-reported disability
At both baseline and the 3-y follow-up, self-reported disability was ascertained with an interviewer-administered questionnaire on difficulty in performing 17 tasks. The questionnaire was a modified version of the Health Interview Survey Supplement on Aging questionnaire (11) . Mobility-related disability was assessed by using 2 specific tasks that have been shown to predict mortality and nursing home admission in older men and women (12): walking 0.5 miles (Ϸ5-6 blocks, or 0.8 km) and walking up 10 steps. Mobility-related disability as an outcome variable was analyzed in 2 ways. We created a categoric variable for which persons who reported having difficulty in performing one or both tasks received a disability score of 1 and persons with no difficulty on all tasks received a score of 0. We also created an ordinal variable using information on the severity of disability. Persons who reported having no difficulty in performing a task scored 0 for that task, persons who reported "some" difficulty performing a task scored 1, persons who reported "a lot" of difficulty performing a task scored 2, and persons who reported "unable to do" the task scored 3. The sum of the 2 tasks was used as the disability severity score, with values ranging from 0 to 6.
Body composition
Body composition was assessed by bioelectrical impedance with persons in a supine position and wearing a standard examination suit. Four adhesive electrocardiographic electrodes were placed in standard distal positions on the dorsum of the right hand and foot (13) . Resistance was measured at 50 kHz with a TVI-10 Body Composition Analyzer (Danninger Medical Technology Inc, Columbus, OH). The analyzer was calibrated at the beginning of each day. Fat-free mass was predicted by using the formula of Deurenberg et al (14) , which was developed by using data from an older population. Mean age, weight, height, and body mass index of the men and women in that population (14) were comparable with mean values of the men and women in the present study cohort. Fat-free mass (kg) was calculated as 6710 ϫ ht 2 /R + 3.1 ϫ S + 3.9, where ht 2 is body height in meters squared, R is resistance in ohms, and S is sex (0 = females, 1 = males). Body fat was calculated as body weight minus fatfree mass. Within each sex, persons were categorized by quintile of fat-free mass and by quintile of fat mass. The cutoff points for quintiles of fat-free mass were < 29. 
Potential confounders
Physical activity
At baseline, persons were asked how often they performed a range of leisure-time activities in the previous 2 wk and the average amount of time that they spent per session. The 18 activities ranged from walking for exercise (intensity factor of 3.5) to singles tennis (intensity factor of 8.0). The amount of energy (MJ) expended daily in all physical activities was calculated on the basis of frequency, time, and intensity and was used as an index for physical activity (15) .
Recent weight loss
At baseline, persons were asked whether they had gained or lost > 4.5 kg over the previous year and were categorized into 1 of 2 groups: those who lost > 4.5 kg and those who had a stable or increased body weight.
Education level
Education level was based on the highest grade or year of school ever completed, reported at baseline, and was categorized as high education, high school graduation or higher, and low education.
Smoking
Persons who reported at baseline to have smoked a cigarette or cigarettes during the previous 30 d were defined as smokers. All others were defined as nonsmokers.
Alcohol use
On the basis of the number of alcoholic drinks consumed per week reported at baseline, persons were categorized as drinkers (any alcohol intake) or nondrinkers (no intake).
Depression
A depression score was determined at baseline by using Radloff's (16) 10-item, self-report Center for Epidemiologic Studies-Depression scale, with values ranging from 0 (not depressed) to 30 (very depressed).
Edema
Pitting ankle edema (yes or no) was determined during the general physical examination at baseline.
Chronic illness
At baseline, prevalence of a variety of chronic conditions was determined through self-report of the following physician-diagnosed conditions: hypertension, diabetes mellitus, lung disease (bronchitis, emphysema, and asthma), cancer, heart disease (myocardial infarction, congestive heart failure, intermittent claudication, and angina), stroke, and arthritis. The sum of the number of reported illnesses, a measure of comorbidity, was used as an indicator for chronic illness at baseline. The incidence of chronic illness, for the same conditions assessed at baseline, occurring between baseline and the 3-y follow-up was assessed by using data from the medical interviews conducted at years 1, 2, and 3, as well as by using data from the telephone interviews conducted at 6, 18, and 30 mo of follow-up. The total number of newly reported illnesses was used as an indicator of incidence of chronic illness.
Statistical analyses
All analyses were conducted separately for men and women and for the total cohort by using SAS software (SAS Institute, Inc, Cary, NC). P values < 0.05 were considered significant.
Cross-sectional analyses
Logistic regression analysis was used to assess the association of disability with quintile of fat-free mass after adjustment for age, education, depression, chronic illness, edema, physical activity, recent weight change, smoking, alcohol use, and study site. Consistent with our hypothesis of lower risk of disability associated with greater fat-free mass, persons in the highest quintile of fat-free mass served as the reference group. Logistic regression analysis was also used to determine the association between disability and quintile of fat mass, adjusted for age, education, depression, chronic illness, edema, physical activity, recent weight change, smoking, alcohol use, and study site. Persons in the lowest quintile of fat mass served as the reference group. Interactions of fat-free mass and fat mass with the other variables were tested. The association between disability severity score and fat mass or fat-free mass was evaluated by multiple linear regression analysis, adjusted for potential confounders.
Longitudinal analyses
To investigate the association between body composition and mobility-related disability 3 y later in life, only persons who did not report any mobility-related disability at baseline and who had completed the disability questionnaire at the 3-y follow-up were included in these analyses. Logistic regression analysis was used to determine the association of disability at the 3-y followup, with quintile of fat-free mass and with quintile of fat mass after adjustment for the baseline confounders listed above, including incidence of chronic illness during follow-up. The association between disability severity score and fat mass or fatfree mass was evaluated by multiple linear regression analysis, adjusted for potential confounders. Because persons with missing values for covariates were omitted from that analysis only, the number of persons differed slightly for each analysis.
RESULTS
A description of the men and women at baseline is shown in Table 1 . Mobility-related disability was reported by 26.5% of the women and 16.9% of the men ( Table 2) . Of those persons not reporting any mobility-related disability at baseline, 20.3% of the women and 14.8% of the men reported mobility-related disability at the 3-y follow-up.
Cross-sectional analyses
To confirm the results of previous cross-sectional studies, the association between body composition and disability was investigated at baseline. Fat mass was positively associated with disability ( Table 3) . After adjustment for potential confounders, women and men in the highest quintile of fat mass were 3.04 and 2.77 times more likely, respectively, to be disabled than those in the lowest quintile. Men and women in the lowest quintile of fatfree mass were not more likely to report disability than were those in the highest quintile. Fat-free mass was not associated with mobility-related disability in the regression model that also included fat mass. In this model, the odds ratio for the highest quintile of fat mass was 3.53 (95% CI: 2.47, 5.04) for women and 2.74 (95% CI: 1.78, 4.22) for men. Because no significant interaction was observed between fat mass or fat-free mass and sex, the results are presented for men and women combined. The disability severity score, based on the self-reported level of difficulty for each task, was positively associated with fat mass (P < 0.0001) for the total cohort. The score was not associated with fat-free mass.
Longitudinal analyses
For the men and women who did not report mobility-related disability at baseline and who participated in the 3-y follow-up, we tested whether body composition at baseline was predictive of subsequent mobility-related disability at the 3-y follow-up. The men and women included in this analysis were younger (P < 0.001), were more active (P < 0.001), and had a lower percentage body fat (P < 0.001) and lower fat mass (P < 0.001) at baseline than those who were excluded because of prevalent disability. Nonetheless, men and women in the highest quintile of fat mass at baseline were more likely to become disabled after 3 y than were those in the lowest quintile ( Table 4 ). The odds ratio was 2.83 (95% CI: 1.80, 4.46) for women and 1.72 (95% CI: 1.03, 2.85) for men. Because no significant interaction was observed between fat mass or fat-free mass and sex, the results were presented for men and women combined.
Persons in the highest quintile of fat mass were > 2 times more likely to become disabled than were those in the lowest quintile. Persons in the lowest quintile of fat-free mass did not have a higher risk of becoming disabled. In fact, the relation was inverse, with low fat-free mass at baseline associated with a lower risk of being disabled at the 3-y follow-up. Fat-free mass was not a significant predictor of mobility-related disability in the regression model that also included fat mass. In this model, the odds ratio for the highest quintile of fat mass was 2.63 (95% CI: 1.62, 4.26) for women and 1.73 (95% CI: 1.03, 2.91) for men. Weight change during the 3-y follow-up was not a significant predictor of mobility-related disability (P > 0.6) and had no effect on the relation of fat mass or fat-free mass to mobilityrelated disability (data not shown). The disability severity score was positively associated with fat mass (P < 0.005) for the total cohort, but was not associated with fat-free mass.
Stratification of the study cohort by age [old (64-74 y) and very old (≥ 75 y)], study site, or health status (no chronic illness and one or more illnesses) did not change the results markedly. No significant interactions were observed between fat mass or fat-free mass and age, health status, edema, and study site.
DISCUSSION
An understanding of potentially modifiable risk factors of disability, such as high body fatness and low muscle mass, is important in developing interventions to reduce the prevalence of disability in old age. This study is one of the first to present the relation between specific measurements of body composition and self-reported disability in a large cohort of older persons. Cross-sectional analyses showed an increased prevalence of disability in persons with high body fatness, confirming the findings of a recent cross-sectional study (7) . In the longitudinal analyses, those persons who reported disability at baseline were excluded. This resulted in relatively leaner persons being included in the longitudinal data analysis. Nevertheless, the data showed a strong association between body fatness and disability. Those with a high fat mass at baseline had a 2-3-fold greater risk of being disabled 3 y later. In addition, fat mass was positively associated with the severity of disability. These associations were similar for men and women and could not be explained by physical activity, chronic illness, or other potential confounders. To our knowledge, these longitudinal findings showed for the first time that body fatness is an independent predictor of disability in old age.
Body composition was measured by using bioelectrical impedance, which gives, in contrast with body weight or body mass index, a direct estimate of body water content from which the lean compartment of the body can be calculated. The association between fat-free mass and disability could therefore be studied. In contrast with the findings for body fat, low fat-free mass was not associated with an increased risk of disability in both cross-sectional and longitudinal analyses. These findings confirm the results of a recent cross-sectional study in which dual-energy X-ray absorptiometry was used to assess skeletal muscle mass (7). The results do not confirm the generally assumed hypothesis that low muscle mass increases the risk of disability (8, 9) . In fact, in our longitudinal analysis the opposite was true: low fat-free mass decreased the risk of disability.
Our unexpected finding that persons with a high fat-free mass were at higher risk of disability might be explained by other characteristics of that group. Overweight is associated with higher fat-free mass because more lean tissue is necessary to support a higher body weight (17) . High fat-free mass indeed
TABLE 2
Prevalence of self-reported mobility-related disability at baseline examination in older men and women from the Cardiovascular Health Study and the prevalence of self-reported, mobility-related disability at the 3-y follow-up in older men and women reporting no disability at baseline was associated with high fat mass (P < 0.0001). Moreover, several illnesses were positively associated with high fat-free mass, including arthritis, diabetes, and hypertension, which are known to also be associated with obesity. These findings suggest that a high fat-free mass is related to being overweight and overweightrelated illnesses, which may explain the higher risk of disability in the highest quintile of fat-free mass. Exclusion of persons with missing or incomplete data on disability at the 3-y follow-up may have biased our results if these persons would have had both low fat-free mass and disability at follow-up. Compared with those who remained in the longitudinal analysis, dropouts were older and tended to be less physically active at baseline. In both men and women, no differences were observed for fat-free mass. These results showed that persons with a low fat-free mass were not more likely to drop out of the study. The study results, therefore, were not likely explained by this possible bias.
The bioelectrical impedance method relies on the fact that body fluids behave as electrical conductors (13, 18) . Bioelectrical impedance measurements at 50 kHz are highly correlated with total body water (19) and fat-free mass (14) in older persons.
Body fat estimates from bioelectrical impedance are strongly associated with body fat measured by dual-energy X-ray absorptiometry (20) . These studies show the validity of bioelectrical impedance measurements for estimating body composition in older persons. The estimation may be less accurate in persons with an abnormal hydration status, such as those with edema. We therefore adjusted for edema in all the statistical models. In addition, a repeat of the statistical analysis after exclusion of persons with edema did not change the conclusions of the study.
Fat-free mass was estimated by using the equation of Deurenberg et al (14) , which is based on underwater weighing. Fat-free mass contains skeletal muscle mass, but also other organs, extracellular fluids, and bone. However, skeletal muscle mass makes up the largest part of the adipose tissue-free body mass (53-54%) (21, 22) . Moreover, skeletal muscle mass of the legs, which is most likely to be associated with the mobility-related tasks used in the present study, is highly correlated with totalbody fat-free mass (3). Therefore, fat-free mass is likely to be a good indicator of skeletal muscle mass. Because more bodycomposition methods for the direct or indirect measurement of skeletal muscle mass are now available, such as dual-energy X- 
TABLE 4
Adjusted odds ratios for self-reported, mobility-related disability at the 3-y follow-up (1992-1993) according to baseline quintile of body fat mass and baseline quintile of total-body fat-free mass in persons reporting no disability at the baseline examination ray absorptiometry and magnetic resonance imaging, confirmation of our findings by these methods in future longitudinal studies is encouraged. Many cross-sectional studies have shown an association between muscle strength and physical performance in healthy and disabled older persons (23) (24) (25) (26) . In addition, an increase in strength after resistance training was accompanied by an increase in physical performance (27) (28) (29) (30) . Because muscle strength is positively associated with muscle mass determined by bioelectrical impedance (31) , computed tomography (27) , and dual-energy X-ray absorptiometry (30) , a positive relation between muscle mass and physical function was expected and has been hypothesized frequently (8, 9) . This study and our previous work showed that neither low fat-free mass nor low skeletal muscle mass was associated with disability, and suggested that muscle strength might be more important than muscle mass. This suggestion is supported by the results of several resistance training studies in which improvements of muscle strength and functional performance of the lower extremities were observed after training with no or only small increases in muscle mass (27, 28, 30) . In addition, the composition of the muscle may be important. An inverse association between the amount of fat infiltration in the quadriceps and maximum walking speed has been observed in older women (32) . However, it cannot be excluded that measurement error in determining fat-free mass with the bioelectrical impedance method may explain the lack of association between low fat-free mass and self-reported disability. Also, it cannot be excluded that the elderly population consisted of healthier individuals whose fat-free mass may have been above a potential threshold level below which physical function is negatively influenced. Future studies using specific strength measures and body-composition techniques to determine mass and composition of important muscle groups are needed to identify the muscle factors associated with disability and impaired physical function in old age.
In conclusion, the results of this study showed a 2-3-fold higher increase in the risk of mobility-related disability in older men and women with high body fatness than in those with low body fatness. No increased risk was observed for low fat-free mass. These findings suggest that high body fatness in old age should be avoided to decrease the risk of disability.
